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[bookmark: _Ref503504522]Introduction
During RAN2#107bis, enhancements to CG/SPS for TSC were agreed among which:
CG periodicities of any integer-multiple of one slot (FFS if we go even lower, e.g. 2 symb, 7 symb) below a maximum value should be supported. FFS on the maximum value of integer N. 
SPS periodicities of any integer-multiple of one slot below a maximum value should be supported in Rel-16. FFS on the maximum value of integer N.

In Rel-15, NR SPS/CG periodicities always divide the hyperframe (HF) length. Agreements above imply it will no longer be the case. In this contribution, we look at implications in MAC.    
Discussion
CG / SPS occasions formula
In the Annex, we have summarized background related to CG/SPS formulas.
SPS / CG Type 2
SPS formula: it can already handle periodicities not dividing the HF length:
the MAC entity shall consider sequentially that the Nth downlink assignment occurs in the slot for which:
slot number in HF = [ref_slot number in HF + N × periodicity] modulo (numberOfSlotsPerHF)
ref_slot number in HF corresponds to the first transmission of PDSCH where the SPS was (re-)initialised
CG Type 2 formula: it should be reverted (from change in [1]) to also handle periodicities not dividing the HF length:
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the Nth uplink grant occurs associated with the symbol for which:
symbol number in HF = [ref_symbol number in HF + N × periodicity] modulo (numberOfSymbolsPerHF)
ref_symbol number in HF corresponds to the first transmission of PUSCH where the CG was (re-)initialised
[bookmark: _Ref23961458]Proposal 1: Revert CG Type 2 formula to the one considering UL grants sequentially 

CG Type 1
The equation shall also be reverted to consider the occasions successively, and not “merge” all different patterns that occur in successive HFs. There are then 2 issues to address:
Delayed 1st occasion 
To avoid the “delayed 1st” occasion” issue (wording issue which was fixed in [1]), one solution that may be acceptable is to just remove the “Nth”, as follows:
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the uplink grant occurs associated with the symbol for which:
symbol number in HF= (ref_symbol number in HF + N × periodicity) modulo numberOfSymbolsPerHF.
With ref_symbol number in HF = timeDomainOffset × numberOfSymbolsPerSlot + S
[bookmark: _Ref23961463]Proposal 2: Revert CG Type 1 formula to the one considering UL grants sequentially, removing “Nth” to avoid delayed 1st occasion issue
Time reference ambiguity
The time ref_symbol number in HF corresponds to a time offset from SFN0 boundary given by RRC. In Rel-15, since the periodicity divides the HF, the occurrences are the same whichever the HF, i.e. it does not matter which HF (which SFN0 boundary) is considered for this time reference.
With new periodicities not dividing the HF, this is no longer the case. Assuming the gNB configures the CG Type 1 with an RRC message sent at SFNx, it is possible that the UE receives the message at SFNy (due to HARQ/ARQ retransmissions).  The SFN0 boundary used as a reference by the gNB might not be the same as the SFN0 used as a reference by the UE, which would lead to different occasions being considered.


[bookmark: _Ref23961467]Observation 2: There is an ambiguity in the SFN0 boundary used as a reference between UE and gNB
One solution to this problem is to assume the gNB would always schedule the RRC message such as there is no ambiguity. For instance, the gNB may avoid scheduling the RRC message at the end of an HF, to avoid it is received in the next HF. However, this would also introduce a kind of guard period in which the gNB should refrain from sending the RRC reconfiguration message, which is also not desired.
[bookmark: _Ref23961468]Observation 3: Avoiding the ambiguity leads to scheduling constraints on gNB side
Hence, it is proposed to indicate in the RRC reconfiguration message, along with the CG Type 1 configuration, the time reference to be used. As the RRC message transmission latency is expected to be low, at least less than 5.12s, SFN reference seems enough (no need to introduce HFN). It can be either a SFN or only part of SFN (MSBs). It is enough that 1 bit only is used, indicating either SFN0 boundary or SFN512 (middle of the HF). This is also applicable in a disaggregated gNB, for which RRC is in CU which may not be perfectly synchronized with the DU.  
In the example above, RRC message scheduled for transmission by the CU after SFN512 boundary, but before SFN0 boundary, will indicate to use SFN512 boundary, while RRC message scheduled for transmission after SFN0 boundary, but before SFN512 boundary, would indicate to use SFN0 boundary. 
In addition to existing RRC parameters for CG Type 1, RRC would configure:
-	timeReferenceSFN: Time reference SFN (could be 0 or 512)


The MAC formula can be adapted by adding the green part as follows:
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the uplink grant occurs associated with the symbol for which:
symbol number in HF= (ref_symbol number in HF + N × periodicity) modulo numberOfSymbolsPerHF.
With ref_symbol number in HF = SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S
where SFNstart time is the SFN timeReferenceSFN immediately preceding the reception of the configured grant Type 1 configuration

[bookmark: _Ref23961469]Proposal 3: Introduce a timeReferenceSFN  in RRC CG Type 1 configuration (as a baseline, values 0 and 512) and CG Type 1 formula
An example of use of timeReferenceSFN  is described below:


HARQ Process ID formula
Several HARQ processes may be associated to one CG or SPS. The formula (excerpt below for CG) ensures that the used HARQ Process ID is incremented at each CG occasion (period), modulo the max configured number of processes.
For configured uplink grants, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
Upon SFN rollover, if the periodicity does not divide the HF length, this may not be the case. For LTE, this was discussed and considered acceptable. This could be kept as a baseline, and revisited if there is a need to always have incrementing HARQ process IDs (CURRENT_symbol would need to be increased sequentially).
[bookmark: _Ref23961471]Proposal 4: As a baseline, keep existing HARQ Process ID formula, unless there is a need to avoid the SFN boundary issue

Conclusion 
In this contribution, we make the following observations and proposals:
Proposal 1: Revert CG Type 2 formula to the one considering UL grants sequentially
Proposal 2: Revert CG Type 1 formula to the one considering UL grants sequentially, removing “Nth” to avoid delayed 1st occasion issue
Observation 2: There is an ambiguity in the SFN0 boundary used as a reference between UE and gNB
Observation 3: Avoiding the ambiguity leads to scheduling constraints on gNB side
Proposal 3: Introduce a timeReferenceSFN  in RRC CG Type 1 configuration (as a baseline, values 0 and 512) and CG Type 1 formula
Proposal 4: As a baseline, keep existing HARQ Process ID formula, unless there is a need to avoid the SFN boundary issue
References
[1] [bookmark: _Ref23938614][bookmark: _Ref497831526][bookmark: _Ref498647894][bookmark: _Ref510726714]R2-1811965, “Correction of Configured Grant formula”, Sequans Communications, Nokia, Nokia Shanghai Bell, Fujitsu, Huawei, HiSilicon



Annex - Background
LTE
In LTE Rel-8/9, SPS periodicities divide the HF length. As a result, occasions for a given pattern are the same in all HFs, and the MAC formulas were written like this (where “SF number in HF” means 10 * SFN + subframe number):
the grant/assignment recurs in each subframe (SF) for which:
SF number in HF = [ref_SF number in HF + N * periodicity] modulo 10240, for all N>0.
In LTE Rel-10, SPS periodicities not dividing the HF length were added. The ooccasions are different in successive HFs. The problem with above equation is that it would “merge” all those patterns. For instance with periodicity=13subframes, the equation above is fulfilled for all subframes as one can always find an N for which it is true.
The MAC formulas were modified to take this into account (CR 0523 in R2-116388).
the UE shall consider sequentially that the Nth grant/assignment occurs in the subframe for which: 
SF number in HF = [ref_SF number in HF + N * periodicity] modulo 10240.
As it can be seen, the main difference is that in the first case, the formula gives occasions which are the same in every HF, and there is no need to have the UE consider successively each occurrence; while in the second case, the occasions will be different consecutives HFs, hence in the formula clearly indicates how is determined the Nth occurrence.
In both cases, the ref_SF number in HF corresponds to the SF in which the grant/assignment was (re)initialized, i.e. 10 * SFNstart time + subframestart time.

NR
In NR, CG Type 2 and SPS (DL) are similar to LTE, i.e. the patterns are activated by a DCI which also gives the time reference. The CG Type 1 is different as it is configured by RRC, there is no such time reference.
The formulas in NR were initially based on LTE Rel-10 formulas. 
For CG Type 2 and SPS, ref_symbol number in HF is linked to the DCI activating the pattern (similarly as for LTE) and there is no issue.
For CG Type 1, ref_symbol number in HF was set to the time offset from SFN0 boundary, configured by RRC. However this is not an activation time.  The original formula was as follows:
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the Nth grant occurs associated with the symbol for which: 
symbol number in HF = [ref_symbol number in HF + N * periodicity] modulo NbSlotsInHF.
One problem with above formula is that the “1st grant” (N=1) fulfilling the equation after RRC configuration could have ended up to 10.24s later, as described below (contrary to Type 2 were ref_symbol number in HF corresponds to the activation time).


This was corrected in [1]. As the periodicities in NR divide the HF, the LTE Rel-8 wording was used for CG Type 1, and also for CG Type 2 to align formulas (the SPS formula is still based on LTE Rel-10 wording).
the UE shall consider that the grant recurs associated with each symbol for which: 
symbol number in HF = [ref_symbol number in HF + N * periodicity] modulo NbSlotsInHF.
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